BiFeO 3 is a multiferroic material that attracts attentions of many research groups due to its potential as being ferroelectric and ferromagnetic above room temperature. We have prepared both undoped-and Mn-doped BiFeO 3 by sol-gel auto-ignition method. Doping of Mn has resulted in decreasing grain size from 60 to 32 nm. X-ray diffraction data show that the samples are pure and single-phase. Infrared measurements on BiFeO 3 and Mn-doped BiFeO 3 revealed intrinsic stretching vibrations of tetrahedral sites of Fe
Introduction
Materials which exhibit both magnetic and electrical ordering have attracted great interest in the past few years, partly because of their technological potential. Besides a range of possible device applications, the science of these materials is truly fascinating. Multiferroics are materials with coexistence of magnetic and ferroelectric ordering in a certain temperature range. This implies that they possess spontaneous magnetization which can be reoriented by an applied magnetic field, spontaneous polarization which can be reoriented by an applied electric field and spontaneous deformation which can be reoriented by an applied stress [1] [2] [3] [4] [5] .
Despite the possible coexistence of ferroelectricity and magnetism, a pronounced interplay between these properties has rarely been observed. This has prevented the realization of multiferroic devices offering such functionality. Typical multiferroics belong to the group of the perovskite transition metal oxides, which include rareearth manganites and ferrites (e.g. BiFeO 3 is unique amongst various magnetoelectric multiferroics, as its ferroelectric and magnetic transition temperatures are well above the room temperature. This raises the possibility of developing potential devices based on magnetoelectric coupling operating at the room temperature. As a result, BiFeO 3 has received tremendous attention over the last few decades and the last couple of years have witnessed several new results on this compound in pure and solid solution forms. L. Hongri et al. [6] synthesized Ti doped BiFeO 3 and J. H. Xu et al. [7] synthesized low temperature BiFeO 3 using sol-gel method. Our main objective of this paper is to achieve nanoscaled BiFeO 3 and BiFe 0.8 Mn 0.2 O 3 powders by sol-gel method and to see the effect of Mn concentration on both structural and magnetic properties. The sol-gel auto-ignition method is used to speed up the synthesis of complex materials. It is a simple process, which offers a significant saving in time and energy consumption over the traditional methods. This method is employed to obtain improved powder characteristics, more homogeneity and narrow grain size distribution, thereby influencing structural and magnetic properties. were prepared by sol-gel auto-ignition method [8] . The A.R Grade citric acid (
Experimental
were used as starting materials. The entire synthesis process is described elsewhere [8] . The as-prepared powder of the sample were heat treated at 500 o C. The X-ray diffraction of the ferrite powders was carried out by using a Philips PW 1820 powder diffractometer with CuKα graphite-monochromated radiation, operating at 40 kV and 30 mA, with solar slits and divergent and receiving slits of 0. Fig. 1(a) ). All the reflection peaks can be readily indexed to the pure rhombohedrally distorted perovskite structure of BiFeO 3 (BFO R-phase) with lattice parameters of a = b = 5.5781 Å and c = 13.867 Å [space group: R3c (161)], which are in good agreement with the reported data (JCPDS no.: 86-1518) and with those of pure BiFeO 3 prepared by sol-gel and solid state reaction [9, 10] Fig. 1(a) ). It can be explained that during auto ignition process the excess of carbonaceous materials inevitably give rise to the formation of impurity phases [11] [12] [13] [15] . As seen in Fig. 2 , they gave rise to two main absorption envelopes, consisting of metal-oxygen stretching bands ν 1 and ν 2 , in the range 750-500 cm −1 and 500-250 cm
Results and Discussions
, respectively. In the spectrum of BiFeO 3 , the ν 1 bands are assigned to intrinsic stretching vibrations of tetrahedral sites consisting of Fe
3+
-O, while ν 2 envelope corresponds to stretching -O stretchings. Hermet et al. [16] have interpreted the infrared spectrum of BiFeO 3 using first principle approach based on density functional theory. They proved that theoretical data can be directly used for the interpretation of experimental data. According to this interpretation, we conclude that lattice dynamics is significantly different in BiFe 0.8 -Mn 0.2 O 3 , giving rise to simpler spectrum. Fig. 3 shows the magnetization curve of the BiFeO 3 and BiFe 0.8 Mn 0.2 O 3 nanograins measured at 300 K with an applied field of 10 KOe. A typical magnetic hysteresis loop was observed, indicating that the BiFeO 3 nanograins show a weak ferromagnetic order at room temperature, which is quite different from the linear M-H relationship observed in the bulk BiFeO 3 [17, 18] . The similar ferromagnetic phenomenon was also observed in BiFeO 3 films [19] , nanotubes [17] and nanocrystallites [20] . The origin of the weak magnetic property in our sample may be attributed to the size confinement effect of the nanostructures. It is clearly shown that spontaneous moment at a room temperature increased with Mn substitution for Fe. Fig. 4 (a) also exhibits R-Phase in BiFeO 3 . It is clear that the BiFeO 3 R-phase grains exhibits a uniform feature with approximately 50-60 nm in size, which is smaller than the obtained size of 200 nm from by sol-gel method [9] . The grain size measured from XRD is very well in agreement with our SEM data. It demonstrates that the sol-gel auto-ignition process is a good method for preparing nanoscale BFO grains with uniform features. Fig.  4(b) shows the SEM image of BiFe 0.8 Mn 0.2 O 3 . The morphology of the powder is seen to be uniform with narrow grain size compared to pure BiFeO 3 . The Mn substitution decreased the grain size resulting in the several nanograin-sized nanostructures.
Conclusions
Both undoped and Mn-doped BiFeO 3 were prepared by sol-gel auto-ignition method. Doping of Mn ions reduced the grain size from 60 to 32 nm. The magnetic moment of BiFeO 3 increased with the substitution of Mn concentration. Infrared measurements of BiFeO 3 and Mn-doped BiFeO 3 revealed intrinsic stretching vibrations of tetrahedral sites of Fe 
